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INTRODUCTION 
 
Monolimb refers to a kind of trans-tibial prosthesis having 
the socket and the shank molded into one piece of 
thermoplastic material.  It has a characteristic that the shank 
could deform during walking.  Positive feedbacks were 
gained including better comfort and improved gait efficiency 
from patients using prostheses with deformable shanks 
(Valenti, 1991; Coleman et al., 2001).  By proper use of 
material and structural design, the shank flexibility could be 
raised which might further improve comfort and gait.  
However, structural integrity should be remained which 
resists buckling of the prosthesis. 
 
Finite element (FE) analysis has been used in lower limb 
prosthetics in the past two decades.  The advantages of using 
FE analysis are that stress, strain and motion in any parts of 
the model can be predicted and parametric analyses can be 
done easily.  In previous FE models, focus was put at the 
socket-limb interface. 
 
In this investigation, FE analysis was applied to study the 
stress distribution at the residual limb and monolimb.  
Prediction of interface stress, shank flexibility and possible 
failure could be made in this model.  Once validated, 
different parameters will be input for design optimization. 
 
METHODS 
 
The geometries of the bones and their positions relative to 
the limb surface were obtained from magnetic resonance 
images (MRI).  Outlines of bones were identified in Mimics 
7.1.  The residual limb surface was obtained by digitizing a 
loose plaster cast using the BioSculptor system.  Template 
was applied onto the limb surface by adding build-ups at 
pressure-sensitive areas and undercuts at pressure-tolerant 
areas for rectified socket and a shank (φ=40mm) was added 
and aligned in ShapeMaker 4.3.  Bones were put into the 
residual limb according to the MRI data and the whole 
prosthesis was thickened to 4mm in SolidWorks 2001.  The 
whole set of model, as shown in figure 1, were exported to 
Abaqus.  3D 4-node tetrahedral elements were used. 
 
The material properties of all the components were assumed 
to be linear and homogeneous and obtained from the 
literature in this preliminary study.  Young’s modulus 
1500MPa was assigned to the monolimb to simulate 
polypropylene (PP).  The distal end of the shank was fixed.  
Bones and soft tissues were tied to form a single structure.  
The solver in Abaqus first compressed the nodes on the 
residual limb penetrating the socket at the areas where 
undercuts were made so that those nodes just contacted the 
socket inner surface.  Force and moment were then applied, 
corresponding to heel off, at the knee joint based on gait 
analysis data.  Automated contact was used and coefficient 
of friction 0.5 was assigned at the limb-socket interface to 
simulate the friction/slip boundary condition.   
PRELIMINARY RESULTS AND DISCUSSION 
 
High pressure falls on patellar tendon (210kPa), 
anterolateral tibia (210kPa), anteromedial tibia (130kPa) and 
popliteal depression (330kPa).  Figure 2 shows the stress 
distribution of the shank.  Peak von Mises stress is 6.5 MPa 
at the anterodistal end of the shank which is well below the 
yield stress (35MPa) of PP.  This leads to prediction that 
failure would not occur.  The shank deforms slightly leading 
to forward deflection of the socket in sagittal plane by 0.9° 
at heel off. 
 
In the future, experiment will be done to validate the model 
and different loadings will be used simulating the whole gait 
cycle.  Different design parameters, such as material 
property and shank geometry, will be input in the model and 
their effect on monolimb performance and interface pressure 
(related to comfort perceived by patients) will be studied.  
Attempt will be made to increase the shank flexibility. 
 
SUMMARY 
 
 A FE model was set up to study the stress distribution at the 
monolimb and limb-socket interface.  The model could be 
useful in the future in the optimization of monolimb design.  
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Figure 1: Geometry of Figure 2: Von Mises stress 
whole model distribution in monolimb 
